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TITLE OF INVENTION 
DOWNREQUIATION OP ALLERGEN- SPECIFIC IMMUNE RESPONSE 



FIELD OF INVENTION 
The present invention relates to the discovery that 
the antibody (Ab) production in a mammal can be 
specifically suppressed to a given allergenic antigen 
(Ag) by treatment with a peptide (s) corresponding to the 
sequence of the junctional segment of the a and/or /3 
chain of the Ag receptor of suppressor T (Ts) cells , 
which have been induced by the tolerogenic conjugates of 
the antigen in question with monomethoxypolyethylene 
glycol (mPEG) . This method is useful for the treatment 
of a broad spectrum of immunological diseases, including 
diseases due to an aberration of the immunological 
system, as is the case in allergic and asthmatic 
disorders . 

BACKGROUND TO THE INVENTION 
A) Immunotherapy of allergic diseases : 

IgE-mediated allergic diseases, such as hayfever and 
asthma, are induced by a number of antigens present in a 
variety ' of environmental antigens such as the 
multideterminant proteins or glycoproteins in pollens in 
-20% of the genetically predisposed population (ref . 1 - 
a list of the references appears at the end of the 
specification) . In contrast to some other allergens 
(ref. 2) (e.g., cat or house dust mite allergens), the 
global distribution of pollens of a large variety of 
grasses, trees and weeds preclude any realistic 
possibilities that individuals allergic to pollen 
allergens can avoid these aero-allergens. The current 
main treatment for hayfever consists primarily in 
symptomatic relief. Sufferers take drugs, such as anti- 
histamines and steroids, which do not suppress the 
formation of IgE antibodies and often have harmful side 
effects . 
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Attempts to downregulate the IgE immune responses of 
allergic subjects by the "time-honoured" immunotherapy 
consist of a series of injections of increasing amounts 
of the allergenic extracts of the appropriate pollen or 
5 pollen-mixtures over prolonged periods lasting usually 3 
to 5 years. Most of the pollen extracts used 
therapeutically are crude mixtures of a multiplicity of 
chemical constituents. Some of these components bear no 
relation whatsoever to the few allergenic components 

10 which are actually responsible for a given patient's 
hypersensitivity. Because some of the proteins present 
in these extracts may not be allergens, standardization 
of allergenic extracts based on total protein content is 
an unreliable guide for determining the potency of an 

15 extract. Moreover, large (up to lOOx) variations in 
allergen content occur in the preparations used for 
immunotherapy because of (i) the different methods used 
for pollen collection and storage, which lead to 
variations in raw materials from lot to lot and from year 

20 to year, and (ii) the crudity of the extraction 
procedures. Therefore, although different patients may 
be allergic to different consitutents of a given pollen, 
all patients receive injections of the "same" complex 
mixture containing all the constituents of different 

25 pollens, i.e., they receive even components to which they 
may not be allergic. It is, therefore, not surprising 
that treatment with an ill -defined pollen extract may 
lead to the induction of additional IgE antibodies, i.e., 
to sensitization of the patients to new components (refs. 

30 3 to 6) . 

While up to 80% of patients gain clinical 
improvement from this therapy (refs. 7, 8), the risk of 
side effects, the lengthy course of therapy, the 
inconvenience to the patient of the mode and frequency of 
35 administration, and the mounting costs of this treatment 
limit the utility of current immunotherapy. Although 



local and systemic reactions may occur as a result of 
this therapy, they may be managed by a physician 
specialized in allergy. However, occasionally this mode 
of treatment is associated with the risk of severe 
asthmatic or anaphylactic reactions, which can result in 
death (refs. 9, 10) . Several laboratories have isolated 
some of the allergens from the crude aqueous extracts of 
grass pollens by the use of classical physicochemical 
methods and reverse immunosorbents consisting of 
immobilized murine monoclonal antibodies to the pollen 
constituents (refs. 11, 12). The main drawback of these 
extremely labour intensive purification methods is the 
minute yield of allergens. Moreover, these methods do 
not ensure absolute purity of the allergenic constituents 
and, therefore, the determination of their amino acid 
sequences is difficult, if not impossible. As a 
corollary, the development of new therapeutic derivatives 
of grass pollen allergens for pollen allergies are 
severely restricted by the use of allergens isolated by 
the existing procedures. Recent innovations in 
recombinant DNA (rDNA) technology have paved the way for 
the synthesis, on an industrial scale and in a 
consistently pure state of allergenic proteins and of 
their epitopic fragments responsible for their activation 
of the appropriate B and T cells leading interactively to 
IgE formation. To this end a number of allergens have 
been cloned (refs. 13 to 18). However, in view of the 
multiplicity of allergens and of their epitopes, the task 
of selecting allergens for therapy remains formidable and 
to-date recombinant allergens have not been utilized in 
controlled studies for the evaluation of their safety and 
clinical efficacy. 

B) Immunopathology and immune modulation of allergic 
response : 

Upon initial- exposure, allergens present in the 
extracellular fluids of the body (as all other antigens) 



are internalized by antigen-presenting cells (APC) , which 
include nonantigen- specif ic phagocytic cells or specific 
B cells, and "processed" by these cells. The net effect 
of this processing is the breakdown of the antigens into 
5 peptidic determinants which, in turn, are re-expressed in 
association with class I or class II molecules of the 
major histocompatibility complex (MHC) on the surface of 
the APC. Subsequently, the binary peptide-MHC complexes 
interact with the corresponding specific T-cell receptors 

10 (TCR) of, respectively, (i) helper T (Th) cells or (ii) 
CTLs or suppresser T (Ts) cells, and the resulting triads 
determine the up- or down -regulation of the appropriate 
B cells (ref. 19) . 

On the basis of their lymphokine secretion patterns, 

15 the Th cell subpopulation may be further subdivided into 
three subsets, i.e., ThO, Thl and Th2 cells (ref. 20). 
In mice and man, the Th2 cells have been shown to produce 
IL-4, IL-5 and IL-6, and IL-4 has been shown to activate 
B cells leading to the production of IgE antibodies. By 

20 contrast, the Thl cells produce IFNy which blocks the 
production of IL-4. The mechanism (s) involved in the 
suppression of antibody responses by Ts cells is still 
not fully understood. It has been suggested that the 
suppression of antibody production is due to inactivation 

25 of a specific Th cells as a result of non-professional 
APC, i. e., a T cell (ref. 21). 

The primary reaction of the IgE antibodies secreted 
from the Be cells is their binding to specific IgE 
receptors on the surface of mast cells, basophils and 

3 0 eosinophils. On re-exposure of the patient to the 
specific multivalent allergen, the cell-fixed IgE 
antibodies react with and are crossl inked by the 
allergenic molecules, which leads to the release from 
these cells of chemical mediators of anaphylaxis . In 

35 turn, these mediators act rapidly on the smooth muscles 
of different target organs resulting in the inflammatory 



manifestations characteristic of the hypersensitivity 
diseases of the immediate type. It is obvious, ;from this 
simplistic overview of the complex cellular interactions 
leading to IgE production and to its effector mechanisms, 
that the most effective therapy ought to be directed 
toward the downregulation, if not total abrogation, of 
IgE production which is the culprit isotype responsible 
for immediate hypersensitivity manifestations. It has 
been considered that the development of therapeutic 
strategies (ref .22) that could influence the formation of 
IgE antibodies requires detailed knowledge of (i) the 
structures of individual allergens and, in particular, of 
their B cell epitopes (which are recognized by IgE/IgG 
antibodies) , (ii) structures recognized by MHC molecule 
(i.e., Ta epitope), and (iii) the structures recognized 
by T cell receptors of Th or Ts cells. 
C) Molecular biology of T cell tolerance: 

Induction of tolerance to T cell dependent antibody 
immune responses is considered to be of pivotal 
importance in devising appropriate therapeutic 
interventions for several immunologic diseases. Several 
mechanisms, involving clonal deletion, clonal anergy, and 
suppressor T (Ts) cells have been postulated to be 
involved in the induction of immunological tolerance 
(ref. 23). During the last decade, advances in 
recombinant DNA and cell manipulation technologies, which 
are used for establishment of transgenic and mutant mice, 
have led to the elucidation of some of these mechanisms 
(ref. 24) . The majority of these studies have focused on 
T cell antigen receptors (TCRs) which play a key role in 
initiating or down-regulating an immune response on their 
interaction with the appropriate antigenic epitope 
presented as a complex with MHC molecules of the antigen 
presenting cell. 

The TCRs of helper (Th) , cytotoxic (Tc) and Ts cells 
consist of cell surface heterodimers of ct(3 or yd chains 
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(refs. 25 to 30) . Each of these chains is composed of 
regions encoded by separate gene segments : variable (V) , 
junctional (J) and constant (C) elements, in addition the 
jS chain contains a diversity (D) segment (ref. 31). 
5 These gene elements are organized and rearranged in a 
fashion similar to those of immunoglobulins. The 
functional repertoire of TCRs is restricted because of 
the limited usage of TCR chains detected on T cells when 
primed with antigens (Ags) (ref. 32) . Thus, a few Va 

10 and/or V0 genes appear to be selected for specific T cell 
responses as exemplified by different antigenic systems, 
such as cytochrome C (ref. 33), p-azobenzene arsonate 
(ref. 34), X repressor fragment 12-20 (ref. 35), myelin 
basic protein (MBP) (ref. 36) and sperm whale myoglobin 

15 (ref. 37) . Moreover, as a result of the findings that 
(i) TCRs recognize the antigenic peptides in the context 
of a complex with MHC molecules of APCs and (ii) some 
antigenic peptides are associated with either the ct or 0 
chain of the TCR, it was postulated that whereas one of 

20 these chains may be involved in Ag binding, the other is 
involved in binding to the appropriate MHC molecule (ref. 
38) . In a variation of this theme, it was proposed that 
whereas the process of T cell recognition involves the 
binding of the complementarity determining region 3 

25 (CDR3) to the peptide in question, the CDR1 and CDR2 
regions contact the a helices of the MHC molecule (ref. 
26) . Recent studies have also established that the size 
of the peptides bound to MHC class I and class II 
molecules are limited, respectively, to 9 to 12 and 13 to 

30 25 amino acid residues (ref. 39), and that the 
interaction between the peptide and the TCR might involve 
>4 residues of the V-J regions of a and/or 0 chain (s) 
(ref. 40) . 

A number of studies employing transgenic mice 
35 carrying TCR 0 -transgenes have revealed that the 
rearrangement and expression of TCR 0 genes play a 
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paramount role in shaping the T cell repertoire in the 
thymus (ref . 41) . Thus, thymocytes are subjected to both 
positive and negative selection, which results in the 
development of single positive functional thymocytes. 
Furthermore, recent studies utilizing the mutant (knock- 
out) mice, which lacked TCR (3 or TCR a chains, led to the 
conclusion that a singly rearranged 0 chain was 
sufficient to drive the transition from double negative 
to double positive thymocytes, whereas the TCR a chain 
mediated the transition from double positive to single 
positive thymocytes (ref. 42). Thus, whereas the 
mechanisms of positive and negative selection, which are 
operative in the thymus and which ensure self -tolerance, 
are becoming somewhat clearer, the mechanisms for 
induction of tolerance or downregulation of specific 
aberrant responses in extra thymic organs and in the 
periphery are poorly understood. Nevertheless, it is to 
be noted that employing transgenic mice for TCR a and 0 
receptors, it has been shown that clonal anergy accounts 
often for the tolerance in the periphery (ref. 43) . 

On the basis of the observations that the TCR V gene 
usage in immune responses to certain auto-Ags (e.g., 
Myelin basic protein (MBP) involved in EAE and collagen 
involved in arthritis) , was restricted to a few genes 
(ref. 44), it has been suggested that TCR peptides may 
serve as reagents for immunoregulation in autoimmune 
diseases (refs. 45 to 47) . Thus, mice susceptible to MBP 
were found to utilize mainly the V£ 8.2 gene (ref. 44) 
and their pretreatment with the V0 8.2 peptide 39-59, 
emulsified in adjuvant, induced cross -reactive and EAE 
protective T cells and Abs (refs. 45, 46). Moreover, it 
has been reported that treatment with the TCR peptide 
even after the induction of EAE led to a significant 
amelioration of the condition. In other auto- immune 
conditions, involving more than 3-4 different TCR V 
genes, a mixture of peptides led to prevention of the 
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progress of the disease (ref . 47) . In essence, it may be 
inferred from these studies that (i) certain TCRs, which 
may be either released by T cells in soluble form or shed 
from these cells, may induce regulatory networks, and 
5 (ii) these networks may be effectively utilized to 
downregulate the immune responses to. specific pathogenic 
Ags in the periphery. 

In relation to allergic diseases, recently. studies 
have implicated the pivotal role of TCR genes in the 

10 allergic immune response. For instance, the antigen 
receptors utilized in experimental Leishmaniasis {ref. 
48), and OVA-specific IgE responses in mice (ref. 49) 
were restricted. Moreover, analysis of T cell receptor 
genes of human T cell clones specific to dustmite 

15 allergens (ref. 50) and to those of grass pollen 
allergens (ref. 51) revealed restricted usage of TCR 
genes . 

D) Induction of specific tolerance bv Acr-mPEG conjugates: 
A number of strategies may be utilized for induction 

20 of specific tolerance, which has been reviewed recently 
(ref. 52) . One of the methods included administration of 
the tolerogenic antigen-mPEG conjugates to the animal 
prior to the injection of antigen (refs. 53 to. 55). In 
previous studies, it was shown that covalent grafting of 

25 an optimal number (n) of polyethylene glycol or of mPEG 
molecules onto various protein Ags and allergens resulted 
in the loss of most of their antigenicity and 
allergenicity (refs. 56, 57). Furthermore, the 
administration of Ag(mPEG)n conjugates into rats and 

30 mice, prior to or at the time of immunization with the 
unmodified Ag resulted in abrogation of Ag-specif ic IgE 
and IgG Ab responses (refs. 53 to 57) . Similarly, it was 
shown in extensive studies with mPEG conjugates of human 
IgG (HIgG) that administration of these conjugates, prior 

35 to immunization with heat -aggregated HIgG (haHIgG) , 
resulted in specific tolerance to HIgG as manifested by 
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a marked (>90%) reduction in the level of anti-HIgG Abs 
on subsequent multiple injections of haHIgG, at intervals 
of about 4 weeks, even over a period of >300 days (refs. 
58, 59)* Moreover, it was shown that the specific 
5 tolerance induced in mice by the Ag(mPEG) n conjugates was 
transferable to normal mice by unf ractionated spleen 
cells, or by slg", CD8* splenic cells (ref. 59), or their 
crude freeze-thaw extract (FTE) , or by a suppressor 
factor (TsF) released from these cells by their 

10 interaction with an immunosorbent consisting of a moAb to 
TCR a chain of T cells. As in the donors of the Ts 
cells, the tolerance induced in recipients of either Ts 
cells or their FTE or TsF lasted for extended periods (at 
least 90 days) (ref. 60). 

15 The downregulation of Ag- specific Ab responses by 

the Ag-mPEG conjugates was investigated by deriving Ts 
cell clones specific to HIgG (e.g., clone 23.32) or 
specific to OVA (e.g., clone 17.2), which were generated 
from the spleen cells of mice which had been tolerized by 

20 treatment with HlgG(mPEG) or OVA(mPEG) , respectively 
(refs. 61 to 63) . The addition of the cloned T cells or 
of their FTE led to a dose -dependent , MHC-restricted 
downregulation of the anti-DNP Ab response. Furthermore, 
the 23.32 FTE suppressed the anti-DNP Ab responses by the 

25 downregulation of HIgG-specif ic Th cells (ref 62) . 
Moreover, the analysis of the cytokine production by 3 
OVA- specific Ts cell clones by the use of bioassays, and 
by Western and Northern blot, demonstrated that upon 
activation with anti-CD3 mAbs, the cloned Ts cells 

30 produced IL2, TNFa, TGF/3, TNFjS, IFNy and IL4. However, 
the addition of anti-TNFa, anti-TNF0, anti-IFNy or anti- 
IL-4 mAbs, to the in vitro Ab forming system did not 
abrogate the suppression of Ab production by these Ts 
cells. Moreover, addition of anti-TGF/? mAb did not 

35 abrogate the tolerance induced by FTE of these cells. 
Thus, it may be concluded that the cytokine profile of 
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the cloned CD8* T cells is similar to, but not identical 
with that of CTL (ref. 63), and the observed suppression 
mediated by these Ts cells is not exclusively due to 
production of TNFa, TNFjS, IFNy and TGF0. 
5 By the use of appropriate monoclonal antibodies 

(mAbs) to T cell markers in conjunction with 
cytof luorimetric analysis, the cloned Ts cells were shown 
to be Thy-1 + , CD4", CDS" and CD8\ and >95% of the cloned 
cells co-expressed CD3 and the a(3 TCR. By the use of 

10 immunosorbents, incorporating mAbs to the a and 0 chain 
epitopes of TCR, it was demonstrated that whereas the FTE 
of clones 23.32 shared the epitopes of the a chain of TCR 
(ref- 61), the FTE of cells of clone 17.2 was 
serologically and structurally related to the a/0 

15 heterodimer of TCR. Furthermore, Western blotting of the 
partially purified FTE of the T cells 17.2 by affinity 
chromatography with either of the two immunosorbents, 
incorporating the moAbs to a or (i chain, revealed that 
the 17.2 TsF was a two chain disulfide -linked molecule 

20 with a MW of 84K, and consisted of 2 subunits of 42 KD 
each (ref. 64) . Moreover, the two-chain heterodimer, 
isolated by SDS polyacryl amide gel electrophoresis, had 
the capacity to downregulate the i£ vitro Ab production 
in an Ag- specific manner. These studies suggested that a 

25 soluble form of the a and or 0 chain of TCR may play a 
cardinal role in the Ag-specific downregulation of Ab 
responses . 

SUMMARY OF INVENTION 
This invention involves the development of a method 
30 for the induction of tolerance to specific antigens by 
treatment of a mammal with a peptide segment of the T- 
cell receptor (TCR) a and/or p chain (s) of Ts cells, 
which cells were induced in vivo by tolerogenic Ag-mPEG 
conjugates. 

35 Accordingly, ~ in one aspect, the present invention 

provides a synthetic peptide having an amino acid 
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sequence comprising at least a portion of the 
complementarity determining region 3 (CDR3) region of a 
T-cell receptor, particularly a human T-cell receptor, of 
an antigen, particularly an allergen, and which is 
5 capable of eliciting a T-cell response* 

In one embodiment of this aspect of the invention, 
the amino acid sequence is encoded by a nucleotide 
sequence comprising the J-gene of the a- chain of the TCR, 
or by a nucleotide sequence comprising the J-gene of the 

10 0-chain of the TCR. A mixture of such peptides is 
particularly useful in immunotherapy, as described in 
more detail below, one peptide being encoded by a 
nucleotide sequence comprising the J-gene of the a- chain 
of TCR and another encoded by a nucleotide sequence 

15 comprising the J-gene of the 0-chain of the TCR. 

The synthetic peptides provided herein may have 
about 8 to about 12 amino acids and be capable of binding 
to a class I MHC molecule or about 12 to about 27 amino 
acids and be capable of binding to a class II MHC 

20 molecule. 

The peptides of the invention are useful in 
immunotherapy. Accordingly, in another aspect, the 
present invention provides a method of immunotherapy, 
which comprises administering to a host, particularly a 

25 human, a peptide according to the invention or an 
immunosuppressive composition comprising at least one 
such peptide and a pharmaceutically-acceptable carrier. 
Such composition may further comprise an adjuvant. 

The host may have previously exposed to the antigen 

30 or the material may be administered for prophylatic 
immunization of the host. The immunization may be 
effected to suppress an allergic response in the host to 
the antigen or to protect the host from an allergic 
response to the antigen. The immunization also may be 

35 effected to suppress an autoimmune response in the host 
to the antigen or to protect the host from an autoimmune 
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response to the antigen. The immunotherapeutic treatment 
may be effected herein in conjunction with the 
administration of therapeutic molecules prone to 
producing unwanted immunological responses. 

The peptides of the present invention also are 
useful in screening a host for an immunogenic response to 
an antigen, particularly an allergen. Accordingly, in a 
further aspect of the invention, there is provided a 
method of diagnosing an allergic response of a host to an 
allergen, which comprises screening a serum from the host 
with a plurality of the peptides according to the 
invention and corresponding to a plurality of allergenic 
antigens, and detecting reactivity of at least one of the 
peptides to the serum as a detection of an allergen to 
which the host has been exposed. The at least one 
peptide which is detected in this manner then may be 
administered to the host as an immunotherapeutic 
treatment according to the method described above. 

The present invention also includes a method of 
identifying the amino acid sequence of the peptides 
provided herein. Accordingly, in an additional aspect of 
the present invention, there is provided a method of 
identifying a peptide having an amino acid sequence 
comprising at least a portion of the CDR3 region of a T- 
cell receptor of an antigen and capable of eliciting a T- 
cell response, which comprises effecting induction of 
regulatory T-cells to a desired antigen, particularly an 
allergen, determining the nucleotide sequence of T-cell 
receptors of the regulatory T-cells, determining the 
portion of the nucleotide sequence of the T-cell 
receptors which codes for the CDR3 region of the T-cell 
receptors, and deducing the amino acid sequence of the 
determined portion of the nucleotide sequence as a 
determination of the amino acid sequence of the peptide. 

The regulatory T-cells preferably are induced by 
administration to a host of a conjugate of a non- 
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immunogenic substrate, particularly a polymer, and the 
desired antigen. The polymeric substrate may be selected 
from carboxymethyl celluloses, monomethoxypolyethylene 
glycols (MPEGs) and polyvinyl alcohols. Preferably, the 
conjugate comprises an antigen - MPEG conjugate. 

The regulatory T- cells induced by the antigen- 
substrate conjugates generally comprises CD8* cells and 
the nucleotide sequence of T-cell receptors of such cells 
are determined, generally by conventional cloning 
procedures . 

The determination of the CDR3 region of the T-cell 
receptors preferably comprises determining the individual 
nucleotide sequences for the a- and 0-chains of the T- 
cell receptor and effecting sequence analysis of the 
individual sequences to determine the sequences of the J- 
gene of both a- and 0-chains. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 contains a schematic representation of 
anchored PCR protocols for amplification of 5' end of the 
a chain of Ts clones. Total RNA was reverse -transcribed 
with a gene-specific primer, CorE 3 , to create a {-) strand 
of cDNA (hatched box) . A poly- (A) tail was added, 
annealed with dT 17 adaptor primer and extended to generate 
the ( + ) strand. Then, a gene -specific internal oligo 
primer, CaSRT, and the adaptor-primers were used for 
further amplification. 

Figure 2 contains the nucleotide sequence (SEQ ID 
NO: 1) of the a transcript of 17. A2 (or 23. Al) of the 
cloned Ts cells #17.2 (or #23.32). The asterisk (*) 
refers to the highly conserved residues in V H , V L , V0 and 
Vot regions. 

Figure 3 contains a comparison of deduced amino acid 
sequences of the TCR a chain transcripts of cloned 17. A2 
(SEQ ID NO: 2) and 23. Al (SEQ ID NO: 3) cDNAs with those 
of P14.A1 (SEQ ID^JO: 4) and human Vcr3.1 (SEQ ID NO: 5) . 
The asterisk (*) refer to the highly conserved residues 
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in the V H/ V h , V(3 and Va regions. The symbol '-' 
designates the residues that are identical to those of 
cDNA 17. A2. 

Figure 4 contains the nucleotide sequences (SEQ ID 
5 NOS: 6 and 7) and deduced amino acid sequences (SEQ ID 
NOS: 8 and 9) for the junctional region of the c* chains 
of TCRs in Ts clones 17.2 and 23.32, aligned with respect 
to their common Val5 segment. The highly conserved 
residues in Joe regions of two clones are marked by 

10 asterisks (*) . The shaded regions designate the residues 
of T cell clone #23.32 that differ from those of cloned 
T cells #17.2, the positions of which are identical. 

Figure 5 contains the nucleotide sequences (SEQ ID 
NOS: 10 and 11) and deduced amino acid sequences (SEQ ID 

15 NOS: 12 and 13) for the junctional region of /S chains of 
TCRs of Ts clones. The alignment is based upon the 
common V/88. 2 segment. The Ts clone #17.2 utilized J/31.1, 
whereas clone #23.32 utilized J02.5. Spaces are 
introduced to align the highly conserved sequences among 

20 the JjS regions. The shaded regions designate the 
residues of clone #23.32 that differ from that of clone 
#17.2. 

Figures 6A, 6B, 6C, 6D, 6E and 6F show down- 
regulation of OVA- specific antibody responses by TCR 

25 peptides. Each group of five Balb/c mice were injected 
s.c. on day -8, day -6 and day -4 with PBS, or with 25 \ig 
the or-CDR3 peptide or of the 0-CDR3 peptide, or with 1:1 
mixture (25 /ig each) of the of and j8 CDR3 peptides, in 0.2 
ml PBS. On days 1 and 28 all mice were immunized (i.p.) 

30 with 20 fig of aggregated OVA (Figures 6A, B and C) or 20 
fig of heat-treated HIgG (Figures 6D, E and F) , and were 
bled 15 days after secondary immunization. IgGl antibody 
titers were determined by ELISA. Normal mouse serum was 
used as a negative control and gave an average O.D. 

35 readings of 0.05 at a 1:200 dilution. Titration curves 
for each individual mouse serum are shown. Plots 



15 

designated by the filled symbols • , a, y, ■, and ♦ 
represented the results obtained with sera of mice 
treated with PBS, and the curves with empty symbols o, a, 
v, □, and 0 correspond to sera of mice treated with the 
5 TCR-peptide(s) . Similar results were obtained in three 
separate experiments. OVA-specific antibody titers of 
mice treated with PBS (•, a, ■, and ♦) were compared 
with those of mice (o, a, v, □, and 0) which had been 
treated with (A) Ja, (B) JjS, (C) Ja- plus J£ peptides. 
10 HIgG- specific antibodies of mice treated with PBS (•, a, 
«, and ♦) were compared with those of mice (*, a, v, 
□, and O) which had been treated with (D) Ja, (E) J(3 
and (F) Ja- plus J/?. 

Figure 7 shows the immunological response of mice to 
15 repeated immunization of allergen. Each group of six 
Balb/c mice received on day -5 and day -3 either PBS, or 
25 fig each of Ja or of J/3 peptide, or mixture of 25 fig 
each of Ja and J0 in PBS. On days 1, 28, 63, 93, 13 8 and 
195 all mice were immunized with 20 fig of OVA in PBS. 
20 IgG x ELISA titers were determined on individual sera on 
days 43, 51, 77, 84, 107, 114, 159 and 216. 

Figure 8 shows the immunological response of mice to 
allergen challenge. Each group of six Balb/c mice 
received (intraperitoneally) on day 0, 10 fig of 
25 aggregated OVA, and then treated subcutaneous ly with 
three courses of PBS alone or, or a-CDR3 or 1:1 mixture 
of a-CDR3 and 0-CDR3 in PBS on days 15, 30 and 45. All 
mice were immunized (intraperitoneally) with aggregated 
OVA or heat-treated HIgG in 0.5 ml PBS, on days 52 and 
30 80. Mice were bled 15 days after each immunization and 
IgGl titers were determined for individual serum by 
ELISA. Each bar represents mean titer +SD. 

Figures 9 shows the long lasting in vivo suppression 
of OVA-specific IgE antibody response by pretreatment 
35 with Ja/jp peptides of the TCR of OVA-Ts cells #17.2. 
Each group of five Balb/c mice received (s.c.) on day -8, 
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day -6 and day -4 either PBS, or 25 fig each of Ja or J/3 
pentadecapeptide, or a mixture of 25 fig each of the Jot 
and J/? peptides in PBS. On days 1, 28, 63, 93, 138 and 
195 all mice were immunized (i.p.) with 20 fig of Fr-I OVA 
5 in PBS (as indicated by arrows) , and the PCA titers of 
OVA- specific IgE antibodies of pooled sera were 
determined, one week after immunizations, i.e., on days 
35, 70, 100, 145 and 202 by 24 -hr PCA-reaction in hooded 
rats. Each PCA titer represents the inverse of the 

10 highest dilution of the serum, still giving a clearly 
visible skin reaction (> 5mm in diameter) . o:PBS 
treatment; •: Ja treatment; a : j/3 treatment; □: Ja plus 
J/8 treatment. 

Figure 10 shows the antigen- specific abrogation of 

15 an established IgE-antibody response by TCR peptides. 
Each group of four Balb/c mice received (i.p.) 10 fig of 
FR-I OVA on day 0, and was then treated s.c. with three 
courses of PBS alone or, Ja or a mixture of Ja and J(3 in 
PBS on days 15, 30 and 45. All mice were re-immunized 

20 (i.p.) with Fr-I OVA in 0.5 ml PBS, on days 52 and 80, 
and were bled 15 days after each immunization; the IgE 
titers of pooled sera were determined by the 24 -hr PCA 
reaction. Similar results were obtained in a second 
experiment. Each course consisted of three s.c. 

25 injections of 25 fig of Ja or a mixture of 25 fig of Ja and 
J0 in 0.2 ml PBS, administered on alternate days. Mice 
were injected with OVA on days 52 (secondary response) 
and 80 (tertiary response) . OVA specific IgE titers were 
determined on day 66 (A) and day 94 (B) . Black bars, PBS 

30 treatment; hatched bars, Ja treatment; doubly 
crosshatched bars, Ja+J/J treatment. 

GENERAL DESCRIPTION OF INVENTION 
As described above, the present invention relates to 
a procedure for the induction of tolerance to specific 

35 antigens by the -treatment of a host with a peptide 
segment of the TCR a and/or £ chain (s) of Ts cells, 
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particularly induced in vivo by tolerogenic Ag-mPEG 
conjugates. 

As described in more detail in the Examples below, 
the cDNAs encoding the or and /? chains of TCRs of cloned 
5 Ts cells specific for (i) ovalbumin (OVA) and (ii) human 
monoclonal (myeloma) IgG (HIgG) t were produced by 
polymerase chain reaction (PCR) . Analysis of the Vet 
genes indicated that these clones utilized a new member 
of the Val5 gene family, which was productively joined to 

10 Ja genes that were different for the Ts cells of the two 
distinct specificities. Sequence analysis of the 0 chain 
cDNAs of the two Ts cell clones revealed that, whereas 
the V/38.2 gene was utilized by both clones, the J/3 gene 
of the OVA- specific Ts clone differed from that of the 

15 HIgG-Ts clone. It is inferred that a strictly limited 
repertoire of TCR genes, comprising the Val5 and V08.2 
rearranged genes, encoded the TCRs of the cloned Ts 
cells . 

Pretreatment of mice with a mixture of 

20 pentadecapeptides, comprising the Val5 chain including 
the Ja region (residues 95 to 109) of the TCR of the OVA- 
specific 17.2 Ts cells, downregulated the immune response 
specific to OVA, but not to HIgG. Moreover, injection of 
mice with the peptide of this Ja region alone, suppressed 

25 >90% of the Ab response to OVA, whereas the Jj8 region 
peptide downregulated Ab production by only 70%. TCR 
peptides suppressed OVA-specific IgG x , IgG 2a , IgE and 
total Ig antibody responses. 

Furthermore, treatment of mice with a single course 

30 of the synthetic peptide (s) corresponding to the CDR3 
region (s) of TCR a and 0 chains of OVA Ts cells, led to 
the immunosuppression of these mice for >200 days with 
respect to their potential to mount an ant i -OVA antibody 
response. Moreover, established OVA-specific antibody 

35 production was abrogated following peptide vaccination. 
The immunosuppression induced by these TCR peptide (s) 
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involved CD4* T cells, which were necessary but not 
sufficient. These findings demonstrate the utility of 
vaccination with TCR peptides of appropriate T cells for 
the downregulation of antigen-specific immune responses. 
5 This method provides a novel therapeutic approach for 
downregulation of aberrant immune responses, as 
exemplified by allergies and autoimmune diseases. 

Accordingly, this invention provides a method for 
inducing the antigen specific downregulation of the 

10 immune response by administration of peptides designed on 
the basis of the amino acid sequences of of and /? chains 
of TCR of Ts cells, induced by the corresponding Ag-mPEG 
conjugates. The present invention may serve as a method 
directed toward the treatment of diseases and 

15 abnormalities which are characterized by the synthesis of 
unwanted antibodies to specific antigens, such as IgE 
antibodies responsible for common forms of IgE-mediated 
allergies. 

» This method is also useful for the treatment of a 

20 broad spectrum of immunological diseases including (a) 
diseases resulting in aberrant immune responses, such as 
autoimmune disorders, and (b) malignacies and organ 
transplant operations, requiring the injection of 
xenogenic and/ or immunogenic, biologically and 

25 therapeutically active molecules, such as (i) xenogenic 
or engineered Abs, including human monoclonal antibodies 
(moAbs) , and immunoconjugates of different Abs or their 
fragments, (ii) ribosome-inactivating proteins (RIP) , 
which are used as conjugates with cell targetting Abs or 

30 Ag-binding fragment thereof, referred to as Immunotoxin 
(ITX) or "magic bullets", and (iii) biological response 
modifiers synthesized by immortalizing their progenitor 
cells or by genetic engineering, which upon their 
administration may produce unwanted Abs which reduce 

35 their efficacy. 
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The results of the experiments contained in the 
Examples below demonstrate that pretreatment of mice with 
TCR peptides results in significant reduction in OVA- 
specific response, with respect to all isotypes, 
including IgE antibodies. Furthermore, the injection of 
these peptides into mice, which were preimmunized and had 
an established antibody responses, abrogated >90% of 
their secondary and tertiary IgG x and IgE antibody 
responses. 

Preparation and Use of Composition for Treating Allergic 
Individuals 

Compositions, suitable to be used for protecting 
allergic individuals from developing an allergic reaction 
or for ameliorating an existing allergic condition, or 
other immunotherapeutic treatment as described herein, 
may be prepared from the peptides disclosed herein. 
Compositions may be prepared as injectables, as liquid 
solutions or emulsions. The peptides may be mixed with 
pharmaceutically-acceptable excipients which are 
compatible with the peptides. Excipients may include, 
water, saline, dextrose, glycerol, ethanol, and 
combinations thereof. The composition may further 
contain minor amounts of auxiliary substances, such as 
wetting or emulsifying agents, pH buffering agents, or 
adjuvants to enhance the effectiveness thereof. Methods 
of achieving an adjuvant effect for the compositions 
includes the use of agents, such as aluminum hydroxide or 
phosphate (alum), commonly used as 0.05 to 0.1 percent 
solution in phosphate buffered saline. Compositions may 
be administered parenterally, by injection subcutaneous ly 
or intramuscularly. Alternatively, other modes of 
administration including suppositories and oral 
formulations may be desirable. For suppositories, 
binders and carriers may include, for example, 
polyalkylene glycols or triglycerides. Oral formulations 
may include normally employed incipi'ents, such as, for 
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example, pharmaceutical grades of saccharine, cellulose, 
magnesium carbonate and the like. These compositions 
take the form of solutions, suspensions, tablets, pills, 
capsules, sustained release formulations or powders and 
5 contain 10 to 95% of the allergen fragment analogs and/or 
peptides . 

The compositions are administered in a manner 
compatible with the dosage formulation, and in such 
amount as is therapeutically effective immunotherapeutic 

10 treatment of interest. The quantity to be administered 
depends on the subject to be treated, including, for 
example, the capacity of the individual's immune system 
to synthesize antibodies. Precise amounts of peptide 
required to be administered depends on the judgement of 

15 the practitioner. However, suitable dosage ranges are 
readily determinable by one skilled in the art and may be 
of the order of nanograms to micrograms of the peptides. 
Suitable regimens for initial administration and booster 
does are also variable, but may include an initial 

20 administration followed by subsequent administrations. 
The dosage of the composition may also depend on the 
route of administration and will vary according to the 
size of the host . 
Immunoassays 

25 The peptides of the present invention are useful as 

antigens in immunoassays including enzyme -linked 
immunosorbent assays (ELISA) , RIAs and other non-enzyme 
linked antibody binding assays or procedures known in the 
art for the detection of allergen specific IgE 

30 antibodies. In ELISA assays, the peptide is immobilized 
onto a selected surface, for example, a surface 
exhibiting a protein affinity, such as the wells of a 
polystyrene microtiter plate. After washing to remove 
incompletely adsorbed peptide, a nonspecific protein, 

35 such as bovine serum albumin (BSA) or casein that is 
known to be antigenically neutral with regard to the test 
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sample, may be bound to the selected surface. This 
allows for blocking of nonspecific adsorption sites on 
the immobilizing surface and thus reduces the background 
caused by nonspecific bindings of antisera onto the 
5 surface. It is understood, however, that a mixture of 
peptides may be used, either as an immunogen in a 
composition or as a diagnostic agent. 

The immobilizing surface is then contacted with a 
sample, such as clinical or biological materials to be 
10 tested, in a manner conducive to immune complex 
(antigen/antibody) formation. This may include diluting 
the sample with diluents, such as solutions of BSA, 
bovine gamma globulin (BGG) and/or phosphate buffered 
saline (PBS)/Tween. The sample is then allowed to 
15 incubate for from 2 to 4 hours, at temperatures, such as 
of the order of 25° to 37°C. Following incubation, the 
sample -contacted surface is washed to remove non- 
immunocomplexed material. The washing procedure may 
include washing with a solution, such as PBS/Tween, or a 
20 borate buffer. 

Following formation of specific immunocomplexes 
between the test sample and the bound peptide, and 
subsequent washing, the occurrence, and even amount, of 
immunocomplex formation may be determined by subjecting 
25 the immunocomplex to a second antibody having specificity 
for the first antibody. If the test sample is of human 
origin, the second antibody would be an antibody having 
specificity for human IgE or IgG antibodies. To provide 
detecting means, the second antibody may have an 
3 0 associated activity, such as an enzymatic activity that 
will generate, for example, a color development upon 
incubating with an appropriate chromogenic substrate. 
Quantification may then achieved by measuring the degree 
of color generation using, for example, a visible spectra 
3 5 spectrophotometer-. 
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The above disclosure generally describes the present 
invention. A more complete understanding can be obtained 
by reference to the following specific Examples, These 
Examples are described solely for purposes of 
5 illustration and are not intended to limit the scope of 
the invention. Although specific terms have been 
employed herein, such terms are intended in a descriptive 
sense and not for purposes of limitations . Immunological 
and recombinant DNA methods may not be explicitly 
10 described in this disclosure but are well within the 
scope of those skilled in the art. 

EXAMPLES 

EXAMPLE 1 

This Example illustrates the amplification, cloning 
15 and sequencing of TCR a and 0 chain genes of Ts cells. 
Materials and Methods : 

Ts cell clones. The generation of the HIgG- specif ic 
clone #23.32 and of the OVA-specific clone #17.2 were 
described previously (refs. 61, 63) . 

20 RNA isolation. RNA was isolated by modification of the 
method of Chirgwin et al (ref . 65) . Briefly, Ts cells 
were lysed in 4M guanidinium isothiocyanate, 0.5% Na- 
lauroyl sarcosine, 7.35% Na-citrate (pH7.0) and 0.1M £- 
mercaptoethanol . The lysate was overlayed on a , cushion 

25 of 5.7M CsCl/O.lM EDTA (pH7.5) and the samples were 
centrifuged at 25,000 rpm (100,000 xg) at 20*C for 22 
hrs . The RNA pellets were washed in 70% ethanol and then 
dissolved in TE (10 mM Tris, pH 8, 1 mM EDTA) at 65°C. 
The RNA was precipitated in 0.2M sodium acetate and 

3 0 absolute ethanol, and redissolved in water. 

RNA-PCR. The RNA was heated to 70°C for 10 minutes in 
the presence of oligo(dT) or gene specific primer, and 
was cooled down quickly on ice. The single stranded (ss) 
cDNA was synthesized using 20 units of M-MLV (H") reverse 

35 transcriptase (Superscript, Gibco, BRL) (ref. 66) in 5 
fold concentrated reaction buffer (250 mM Tris-HCl, pH 
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8.3, 375 mM KCl, 15 mM MgCl 2 ) , 20 mM DTT and 0.5 mM dNTP 
mixture. For the PGR Taq DNA polymerase (Gibco, BRL) was 
used (ref . 67) . For the amplification of TCR af3 chains, 
the corresponding cDNAs were obtained employing oligo (dT) 
as primer. Amplification of transcripts encoding the (3 
chain was achieved with the 5' end of V/38 and the 3' end 
of C/8 (C/?E 3 ) oligonucleotides (Table la - the various 
Tables appear at the end of the disclosure. SEQ ID NOS: 
20 to 29) . The transcripts encoding a- chains were 
amplified using the 5' end of V<*15 and the 3' end of Ca 
(CaE 3 ) oligonucleotides. Each cycle consisted of 1 min 
at 94°C, 2 min at 55*C and 1 min at 72°C. 
Anchor PCR. To determine the 5' end of the a chain, i.e. 
Va region, we followed the overall strategy summarized in 
Figure 1 and described else where (ref. 68). Total RNA 
was reverse -transcribed with CaE 3 oligonucleotide, to 
generate a (-) strand of cDNA utilizing Superscript as 
the enzyme. Excess of primer was removed by Quagene 
column. A poly (A) tail was added using terminal 
deoxynucleotidyl transferase (Gibco, BRL) as per 
manufacturer's instructions. The single stranded (ss) 
cDNA was then annealed with the dT 17 adapter primer and 
extended to generate the (+) strand. Subsequently, a 
gene specific internal primer, selected from the 5' end 
of Cot , i.e. CofSRT, and adapter primers were used for 
amplification and generation of double stranded (ds) DNA. 
Cloning of PCR products, PCR products were cloned using 
the TA cloning system (In Vitrogen, CA) , which takes 
advantage of the A- overhangs of amplified cDNAs that are 
used to insert the PCR product into a spatially designed 
vector, namely pCR 1000, providing single 3'T-overhangs 
at the insertion site. The amplified PCR products 
obtained as described above were directly ligated onto 
the pCR 1000 vector, in a 1:2 ratio of vector to insert. 

The ligation products were transformed in E.coli 
strain DH5c*F' laclq" as described elsewhere (ref. 69). 
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Briefly, the frozen competent cells were thawed on ice 
for 30', incubated with plasmids for 30', then heat 
shocked for 2' at 42°C and then kept for 2' on ice. The 
mixture was then grown in SOC medium (2% Bacto tryptone, 
5 0.5% Bacto yeast extract, lOmM NaCl, 2.5 mM KC1, lOmM 
MgCl 2 , lOmM MgS0 4 and 20mM glucose) at 37°C for 1 hr and 
spread on LB agar plates containing kanamycin (50 /ig/ml) 
and 25 /xl of X-gal (40mg/ml) . The colonies were allowed 
to grow for 40 hrs. and the white colonies were picked up 
10 and analysed by plasmid isolation. At least 10 
transformant colonies were analysed from each of two 
independent PGR amplifications to ensure the 
reproducibility of this procedure. 

Plasmid DNA isolation, Plasmid DNA was isolated by a 

15 modification of the protocol of Birnboim and Doly (ref . 
70) . Briefly, the bacterial cells were lysed in a 
solution of 1:2:1 ratios of TE, lysis buffer (1.25% SDS, 
0.2N NaOH) , and 10M NH 4 OVAc. The supernatant was 
precipitated by absolute EtOH. RNA was removed by 

20 digestion with DNAse-free RNAse and the protein was 
removed by digestion with proteinase K. The DNA was then 
extracted with phenol, phenol /choloroform and chloroform 
and precipitated with NaOVAC and two fold EtOH. Inserts 
were excised by digestion with Eco RI and Hind III 

25 restriction endonucleases and checked by electrophoresis 
in an 1% agarose gel. The plasmids containing the 
inserts were chosen for further analysis. 
DNA sequencing, DNA sequencing was performed employing 
ds DNA cycle sequencing system (BRL) as per 

30 manufacturer's instruction. Polylinker of TA vector was 
flanked by T 7 promoter and M13 forward primer regions. 
Therefore, positive recombinants were sequenced directly 
using T 7 and M13 forward primers. Furthermore, internal 
gene specific primers of Ca and C/3 regions were used to 

35 sequence the entire TCR ar/£ genes. Each of the 
amplifications was repeated at least twice with different 
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batches of mRNA of each of the Ts cell clones. At least 
5 clones from each batch of transformants were sequenced 
to avoid PCR amplification and cloning induced artifacts. 
Results 

5 Amplification, cloning and sequencing of TCR a chain 
genes of Ts clones. 

To elucidate the V genes that encode the TCR a 
chains of the Ts clones of #17.2 and #23.32, Southern 
blots containing gene fragments of 11 individual cloned 

10 Va genes were hybridized first with the ss cDNA of the 
#23.32 and #17.2 Ts cells. No hybridization was detected 
with any available Va gene probes (data not shown) . 
Therefore, an anchor PCR procedure was employed for the 
determination of the a chains utilized by these Ts cell 

15 clones . A summary of the procedures and primers involved 
is shown schematically in Figure 1. The ss cDNAs were 
synthesized from mRNAs of Ts clones #17.2 and #23.32 
which were then tailed with poly- (A) and amplified. 
Transcripts of 540 bps were generated which were gel 

20 purified and cloned in pCRlOOO vector. Several cDNAs 
were isolated from the #17.2 and #23.32 Ts cells. 
Individual cDNAs were sequenced using T 7 and M13 forward 
primers. It is to be noted that each of the 
amplifications was repeated at least twice with different 

25 batches of mRNA of the cloned Ts cells. In Figure 2 is 
illustrated the nucleotide sequence (SEQ ID NO: 1) of the 
Va gene utilized by cDNAs 17. A2 and 23 .Al, which were 
derived, respectively, from mRNAs of Ts cell clones #17.2 
and #23.32. Both cDNAs possessed identical nucleotide 

30 sequences . 

A unigue family of rearranged Va genes encode TCR of 
Ag(mPEG) p induced Ts cells. 

In Figure 3 are shown the deduced amino acid 
sequences (SEQ ID NOS: 2 and 3) of the Va chains of 17. A2 

35 and 23. Al Ts celis which have been aligned with respect 
to the corresponding sequence of a previously reported 
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partial and non- functional cDNA clone pl4A.l (SEQ ID NO: 
4), which has been considered to represent Val5 (ref. 
34) . It is to be noted that the V regions of the of chain 
of the TCR of #17.2 (or #23.32) Ts cells are homologous 
5 to the extent of 82% with the sequence of P14A.1 over a 
span of 81 amino acid residues. Furthermore, P14A.1 did 
not yield a rearranged transcript because it lacked an 
open reading frame. These results suggest that the Va 
genes of the cloned Ts cells are distinct and may 

10 represent a new member of the Va 15 family; moreover, 
this novel family of murine Va genes was homologous to 
the extent of -71% with respect to the sequence of the 
human Va3.1 gene (ref. 35) (SEQ ID NO: 5). 
CDR3 in TCR a chain of Ts cell clones: 

15 The Ja genes utilized by Ts clones #17.2 and #23.32 

are shown in Figure 4 (SEQ ID NOS: 6 to 9) . From these 
data it may be concluded that the diversity of the TCR a 
chains of these Ts clones was confined to a single Va and 
two Ja genes. The OVA-specific cloned Ts. cells expressed 

20 Val5/Ja 17. A2, whereas the HIgG-specif ic Ts cells 
expressed Val5/Ja 23. Al. The highly concordant alignment 
of the 3 ' ends of their common Val5 gene and of the 
residues conserved in their Ja regions indicated that the 
putative TCR-CDR3 loops of the a chains of these Ts cells 

25 differed in only 9 distinct residues. Finally, the Ca 
region of each of these Ts cells was sequenced using CaE x 
and CaE 3 primers. Two bp changes at positions 684 (i.e. 
C --> T) and 768 (i.e. G --> C) were found in the Ca 
chain of each of the cloned Ts cells (data not shown) . 

3 0 However, these changes would not lead to any alteration 
in amino acid residues; this observation is consistent 
with the findings of Palmer et al (ref. 36) . 
Primary structures of TCR B chain genes of the Ts cell 
clones. 

35 To identify the V genes that encode TCR fi chains of 

Ts cell clones, Southern blots containing cloned gene 



fragments of 15 individual V/S genes (kindly provided by 
Dr. E. Palmer, Colorado) were hybridized with the ss cDNA 
of Ts cells # 23.32. The results demonstrated that the 
23.32 cDNA hybridized only with V/?8 genes (data not 
shown) . In order to establish the member of V/38 gene 
utilized in each of our Ts clones, the mRNA of Ts clones 
#23.32 and #17.2 were subjected to RNA-PCR. The ss cDNAs 
were synthesized from total RNAs using oligo(dT) as 
primer. The cDNAs were then amplified utilizing the 5' 
end of V/?8 (a consensus primer common to Vj3 8.1, 8.2 and 
8.3) and 3' end of Q3 primers, Q3E 3 . An 850 bp transcript 
was generated from each of these Ts cells. The amplified 
products were cloned directly into pCRlOOO vector (In 
Vitrogen, CA) . Upon screening, several cDNAs were 
isolated and sequenced using T 7 /M13 primers . Primer 
specific to 5' end of C£, i.e. C/35RT, was used to 
sequence the D/J-J0 regions of these cDNAs. 

In Figure 5 is shown the alignment of junctional 
regions of the V/?-D/?-J£ sequences of the two cloned Ts 
cells (SEQ ID NOS : 10 to 13). Comparison of sequences 
with the data bank revealed that both Ts cell clones 
utilized V/88.2 (ref . 37) . The OVA-specific Ts cell clone 
#17.2 expressed the V/38.2-D01.1-J01.1 gene, whereas the 
HIgG specific clone #23.32 expressed the V08 . 2-D01 . 1- 
J02.5 gene. The DjS segments in each set were identical 
except for 1 or 2 N-region additions at the 3' end. 
Alignment of V/3 8.2 segment and of the residues common to 
both J/31.1 and J/82.5 segments revealed that the 
nucleotide differences between the putative TCR-CDR3 
loops of the 0 chains of OVA- and HIgG-specif ic Ts clones 
resided in only 9 residues within the junctional region 
(Figure 5) . It is to be noted that the two Cp specific 
primers, CpE x and Cj3E 3 , were used to sequence .the Cfi 
region of each of these Ts clones; it was established 
that while the Ts clone #23.32 utilized the C02 gene, 
clone #17.2 utilized the C{31 gene. 
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EXAMPLE 2 

This Example illustrates induction of Ag-specific 
suppression of the immune response in vivo with TCR a 
peptides, 
5 Materials and Methods 

Animals . Six to eight -week old female BDF1 and Balb/c 
mice were purchased from Central Animal Care Services of 
the University of Manitoba. 

Antigens and peptides « OVA (5X crystallized) was 

10 purchased from ICN Pharmaceuticals (Montreal, PQ) ; HIgG 
was isolated from the serum of a myeloma patient (PK) by 
ammonium sulfate precipitation and ion exchange 
chromatography on DEAE (ref . 71) . Three pentadecapeptides 
(95% pure), representing the segments of the TCR a chain 

15 of the Ts cell #17.2, were synthesized by the Alberta 
Peptide Institute, Edmonton, AL. Peptides #1 and #2, 
respectively, (The identification of the peptides 
employed is shown in Table lb) , corresponding to CDR1 and 
CDR2 segments of the Va region, which were common to both 

20 clones #17.2 and #23.32, consisted of amino acid 
sequences, EDVTMNCSYKTYTTV (SEQ ID NO: 14) and 
YRQKSGKGPAQL I L I (SEQ ID NO: 15); peptides with the 
sequences GSNAKLTFGKGTKLS (SEQ ID NO: 16) and 
YSNNRLTLGKGTQW (SEQ ID NO: 18) encompassed, 

25 respectively, the Jot regions representing CDR3 segment of 
the a chains of the OVA- specific and HIgG specific T s 
cells. The peptide with the amino acid sequence 
GPNTEVFFGKGTRLTV ( SEQ ID NO : 17 ) of the J0 region 
represented the CDR3 segment of the /? chain of the OVA- 

30 specific Ts cells. An unrelated peptide 
MIEKINVGFKAAVAAAGGVP (SEQ ID NO: 19) was synthesized and 
used as control peptide. 

Determination of in vivo suppressive activity of TCR a 
chain peptides, 

35 To establish - in vivo the possibility that the 

suppressive activity of the TCR ot chain resides in one or 
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more of the segments of this chain, three groups of 6 
BDF1 mice each received on day 0 one s.c. injection of 
0.1 ml of PBS, or 0.1 ml of PBS containing one of the two 
mixtures , A or B, consisting, respectively, of 25/zg or 
5 50 fig of each of the three pentadecapeptides . After 24 
hours, each mouse was immunized i.p. with a mixture of 20 
fig of OVA and 20 /xg of heat-treated HIgG (ref . 71) . All 
the mice were bled 7 and 14 days later and the 
corresponding total Ig and IgGl Ab titers of each serum 

10 were determined by ELISA. Briefly, the plates were 
coated with 10 fig of either of OVA or HIgG in PBS, 
blocked with 3% of bovine serum albumin in PBS and 
incubated overnight with each individual mouse serum. 
The plates were washed, treated successively with 

15 biotinylated goat anti-mouse Ig or IgGl Ab (Zymed, 
Mississagua, ON) and alkaline phosphatase -streptavidine 
conjugate (Zymed, Mississagua, ON) and finally developed 
with p-nitrophenyl- phosphate buffer prior to recording 
their O.D. readings at 405nm. 

20 Results 

Induction of antigen* specif ic suppression by pretrAafmonf 
of mice with TCRof chain peptides 

The immunoregulatory role of the a chain in vivo was 
examined by injecting a mixture of three 

25 pentadecapeptides corresponding to segments 18 to 32, 36 
to 50 and 95 to 109 of the TCR a chain of the OYA- 
specific Ts cell into mice in two different doses. These 
results illustrated in Table 2 demonstrate that (i) 
marked OVA-specific suppression of IgG Abs and of IgGl 

30 Abs had been induced by days 7 and 14, respectively, by 
the mixtures A and B of the three pentadecapeptides, and 
(ii) the suppression was dose -dependent, i.e., the same 
mixture of peptides did not significantly affect the 
HIgG-specif ic response. Moreover, similar results were 

35 obtained in a replicate experiment. 
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It is to be noted that the TCR a chain of HIgG-Ts 
cell possesses sequences identical to peptides #1 and #2, 
and that it differs from the TCR a chain of OVA-Ts cell 
in the composition of the CDR3 peptide (i.e. peptide #3) . 
5 Therefore, it was concluded that the difference of the 
effect of the mixture of the three peptides on the anti- 
OVA and anti-HIgG Ab responses was due to peptide #3, 
which represnted the TCR Ja segment. For the 
confirmation of this conclusion, mice were immunized on 

10 days -5 and -3 with 25 fig each of the Ja or of the control 
peptide followed by challenge with OVA or HIgG on day 0 
and bleeding on day 14 and 21. As is evident from the 
results of Table 3, the Ja peptide alone induced 90% 
suppression of the OVA- specific Ab response without 

15 affecting the anti-HIgG Ab response. These results were 
duplicated in a further experiment. Taken together, 
these results indicate that, at least, for the OVA- 
specif ic Ts cells generated in our system, the Ja peptide 
of the TCR of these cells was responsible for mediating 

20 the suppression of the OVA-specific immune response. 

To examine the generality that the CDR3 peptide of 
the Ts cells specific for a given Ag was endowed with the 
corresponding capacity to induce Ag- specif ic suppression 
in another experiment, mice were pretreated with the 

25 pentapeptide corresponding to CDR3 region of the HIgG-Ts 
cells, and received 7 days later, a s.c. injection of OVA 
or HIgG and their IgG, Ab titers were determined 10 and 
20 days later. As shown in Table 4, the CDR3 peptide of 
the TCR a chain of HIgG-Ts cells induced suppression in 

30 the order of 80% of IgGl Ab responses specific for HIgG, 
but not for OVA, as determined on days 10 and 20 after 
immunization. All these results taken together lead to 
the conclusion that the CDR3 peptide of the TCR a chain 
of Ts cells, generated by Ag(mPEG) n conjugates, was 

35 responsible for the observed Ag-specific suppression of 
the immune response. 
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The experimental protocol described above was used 
to examine the effect of J-encoded peptides of the TCR a 
and /? chains, and the possibility of a synergistic effect 
of both peptides; . As documented by the results presented 
5 in Table 5, maximal suppression (>90%) of the anti -OVA 
IgG 1 titers both on day 14 and 21 were due to the TCR Ja 
peptide; however, the TCR J0 peptide also induced 
significant (about 76%) suppression of the anti-OVA IgG x 
titers. The combined injection of Ja and J/3 peptides did 

10 not result in enhanced suppression in relation to that 
induced by Ja peptide alone. Hence it is concluded that 
(i) both Ja and J/? peptides suppressed the anti-OVA Ab 
responses without affecting significantly the anti-HIgG 
response, and (ii) that the Ja peptide was more 

15 immunosuppressive than the corrresponding J/3 peptide. 
EXAMPLE 3 

This Example illustrates suppression of secondary 
anti-OVA Ab responses by TCR peptides of OVA-specific Ts 
cells 17.2. 

20 To establish if secondary Ab responses to Ag can be 

suppressed by treatment of mice with TCR peptides of OVA- 
Ts cells, Balb/c mice were treated with 25 fig each of the 
Ja or of JjB peptide referred to above or with a mixture 
of 25 j*g each of them in PBS and the control mice were 

25 treated with PBS. On day 1 and day 28, all mice were 
immunized with 20 fig of OVA or 20 fig of heat -aggregated 
HIgG as control. The total Ab titers on day 35, 43 and 
51 are shown in Table 6. The Ab titers were 
significantly suppressed in mice treated with peptide (s) 

30 in relation to those of control mice. The highest 
suppression (>90%) was induced by the treatment with the 
Ja peptide; the J/3 peptide also induced specific 
suppression (70%) of Ab responses; the suppression 
induced by a mixture of Ja and J/8 peptides did not exceed 

35 that of the Ja peptide alone. In Figures 6A to 6F are 
shown the anti-OVA IgG x titers of sera of mice treated as 



32 

described for Table 6. In this case, the highest 
suppression of OVA- specific titers was seen in mice 
treated with either Jof or a combination of Ja and J/? 
peptides; the mice treated with J/3 peptide also showed 
5 suppression 60-70 of OVA- specific IgG x titers. 
Significant enhancement of titers was seen in mice 
immunized with HIgG in comparison with that of the PBS 
treated controls. Table 7 demonstrates the OVA-specific 
I 3 G 2a titers in the same mice. The reduction of IgG 2a 

10 titers was similar to that of the IgG x titers; highest 
suppression was seen in case of Ja/J/3 and Ja peptide 
treatment and intermediate level of suppression of 
response was seen by treatment with J/? peptide. 

In the Jof treated mice which were challenged with 

15 HIgG used as a control antigen, showed no reduction of 
HIgG titers. On the other hand, the mice injected with 
Jj8 or Ja/J/? peptides exhibited suppression of HlgG- 
specific IgG 2a titers. Taken together, the results of 
these experiments revealed that pretreatment of mice with 

20 TCR peptides induced suppression of secondary immune 
response; highest suppression was seen by Ja peptide and 
partial suppression was seen by the J/3 peptide, whereas 
Ja plus J/? peptide treatment induced suppression similar 
to that of Ja. 

25 EXAMPLE 4 

This Example illustrates the long lasting tolerance 
of OVA-specific antibody responses by pretreatment of 
mice with TCR peptide (s) . 
Method; 

30 Each group of six Balb/c mice were injected 

subcutaneous ly on day -5 and day -3 either PBS, or 25 fig 
each of a-CDR3 peptide or of /3-CDR3 peptide, or 1:1 
mixture (25 fig each) of a plus 0-CDR3 peptides, in 0.2 ml 
PBS. On days 1, 28, 63, 93, 138 and 195 ( as is 

35 indicated by arrow) , all mice were immunized i.p. with 20 
fig of aggregated OVA in PBS. Mice were bled 15 days 
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after each immunization. IgGl antibody titers for 
individual serum were determined by ELISA. Each point 
represents the mean of the titers +SD. Concordant 
results were obtained in a second experiment. The 
differences between the OVA- specific titers of mice 
treated with the a-peptide (or a+0 peptides) and the 
corresponding titers of mice treated with PBS were 
statistically significant (P<0.01). 
Results; 

The results of prior vaccination with the TCR-CDR3 
peptide resulted in persistent immune tolerance at the 
level of production of specific antibodies is shown in 
Figure 7. Remarkably, whereas treatment with a single 
course of the TCR-CDR3 peptide induced tolerance of OVA- 
specific IgGl antibody production which was maintained 
for more than 200 days (as long as it was examined) , even 
after six intermittent injections of OVA (Figure 7) , the 
HIgG-specif ic antibody titers remained unaffected during 
this period. The magnitude of the decline in antibody 
titers induced by different CDR3 peptides was similar to 
that seen in the above experiment. 
EXAMPLE 5 

This Example illustrates abrogation of established 
immune response by TCR peptides. 
Method; 

Each group of six Balb/c mice received 
(intraperitoneally) on day 0, 10 fig of aggregated OVA, 
and then treated subcutaneously with three courses of PBS 
alone or, or a-CDR3 or 1:1 mixture of c*-CDR3 and 0-CDR3 
in PBS on days 15, 30 and 45. All mice were immunized 
i.p. with aggregated OVA or heat-treated HIgG in 0.5 ml 
PBS, on days 52 and 80. Mice were bled 15 days after 
each immunization and IgGl titers were determined for 
individual serum by ELISA. Each bar represents mean 
titer +SD. Concordant results were obtained in second 
experiment. Each course consisted of three subcutaneous 
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injections of 25 fig of a-CDR3 or 25 fig each of a plus /3- 
CDR3 in 0.2 ml PBS, on alternate days. (A) and (C) mice 
were challenged with OVA on days 52 and 80. OVA specific 
IgGl titers were determined on day 66 (A) and day 94 (C) . 
5 Differences between OVA-specific titers of mice treated 
with Of plus 0-CDR3, and the corresponding titers with PBS 
were statistically significant (P<0.01). 
Results: 

The ability of the above TCR peptides to tolerize 
10 established immune responses was examined and the results 
are shown in Figure 8 . Mice first were immunized with 
OVA and treated with three courses beginning day 15 with 
PBS or TCR-CDR3 peptide (s) of either ct chain alone or a 
combination a plus 0 chains. Mice were challenged on 
15 days 52 and 80 with either OVA or HIgG. Examination of 
the OVA-specific IgGl and IgE (data not shown) titers on 
days 66 and 94 revealed that the antibodies specific to 
OVA were reduced in treated group in comparison with the 
PBS -treated mice (Figure 8) . Remarkably, the peptides 
20 varied in the magnitude of tolerance induction inasfar 
that a+)3 chain CDR3 peptides induced a higher degree of 
tolerance (>95%) than the or-CDR3 peptide alone. The 
immune response to HIgG remained unaffected. 
EXAMPLE 6 

25 This Example illustrates in vivo suppression of OVA- 

specific IgE Ab response by TCR peptides of OVA-Ts cells . 
Method: 

Ovalbumin, used in this study as a model antigen, 
constitutes 58% of the whole egg white and plays also the 

30 role of a major allergen in individuals allergic to eggs. 
Thus, OVA has been shown to induce antibodies of both IgG 
and IgE isotypes (ref. 73). Antibodies of the IgE class 
are elicited in response to exposure to occupational, 
environmental and food allergens in genetically 

35 predisposed individuals (comprising about 20% of the 
population) . Earlier investigations had demonstrated 



that administration of OVA-mPEG conjugates into mice 
downregulated their anti-OVA IgE immune response, and 
that this effect was due to induction of Ts cells. Hence/ 
the effects of vaccination with TCR peptides of these Ts 
cells on (i) the downregulation of the de novo induction, 
and (ii) the suppression of established IgE antibody 
response were investigated in this study. 

To examine relevance to IgE-mediated allergies the 
possibility that treatment with TCR peptides of OVA-Ts 
cells would also lead to suppression OVA-specific IgE Ab 
response. Each group of 6 mice were treated at day -5 
and day -3 with PBS or with 25 /xg each of Ja, Jf3 or a 
mixture of Ja and J/? in PBS . On days 1, 28, 63, 93, 133 
and 195 all mice were immunized with 20 fig of OVA. The 
IgE Ab titers of individual mice were examined on days 
35, 70, 100 and 145 by passive cutaneous anaphylaxis test 
(47) . 
Results; 

The results, presented in Table 8, demonstrate that 
pretreatment with Jot peptide induced reduction of Ab 
titers (>90%) . The treatment with Ja and J0 peptide also 
induced suppression to the extent of 80% of IgE titers 
compared to PBS control. However, J/J peptide treatment 
induced about 40% suppression specific IgE titers. These 
results demonstrate that specific IgE titers can also be 
suppressed by the treatment of TCR peptides. The 
suppression of IgE response was maintained for longer 
than 200 days as was the IgGl response. Furthermore, the 
peptide treatment also suppressed the ongoing IgE 
response . 
EXAMPLE 7 

This Example illustrates downregulation of OVA- 
specific IgE responses by TCR peptide treatment. 
Results : 

The results -presented in the preceding Examples 
demonstrated that vaccination with TCR peptides led to 
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« 

suppression of anti-OVA IgG antibody titers. Similar 
protocols were used in the experiment described here for 
establishing if the OVA induced specific IgE antibody 
response may be downregulated by TCR peptides. Briefly, 
5 mice were vaccinated with the pentadecapeptides 
corresponding to the Jot and/or J/3 regions of TCRs of the 
cloned OVA-Ts cell prior to initiation of immunizations 
with repeated injections of OVA at intervals of 4-6 
weeks . The IgE antibody titers were determined by the 

10 PCA assay in hooded rats. 

As shown in Figure 9, the OVA- specific IgE antibody 
response was suppressed by treatment with Jc* and/or J/3 
peptides of the TCR of cloned OVA-Ts cells. Remarkably, 
treatment with a single course of injection of the TCR- 

15 CDR3 peptide induced suppression of OVA-specific IgE 
antibody production for more than 200 days, inspite of 
six injections of immunogenic OVA. The magnitude of the 
suppression varied with different peptides. Marked 
reduction (>90%) in IgE antibody titers resulted upon 

20 treatment of mice with the pentadecapeptide corresponding 
to either Jot or Jot in combination with Jfi peptide; the JfS 
peptide alone induced about 50% suppression of IgE 
antibody production. 
EXAMPLE 8 

25 This Example illustrates abrogation of an 

established allergen specific IgE- antibody response by 
TCR peptides. 
Method: 

Each group of six Balb/c mice received (i.p.) 10 fig 
30 of OVA on day 0, and were then treated s.c. with three 
courses of PBS alone or, a-CDR3 or 1:1 mixture of a-CDR3 
and 0-CDR3 in PBS on days 15, 30 and 45. All mice were 
re -immunized (i.p.) with OVA or ha-HIgG in 0.5 ml PBS, on 
days 52 and 80, and were bled 15 days after each 
35 immunization; the- IgE titers of pooled sera were 
determined by PCA 24 -hr later. Similar results were 



obtained in a second experiment . Each course consisted 
of three subcutaneous injections of 25 fig of a-CDR3 or a 
mixture of 25 fig of a-CDR3 and /8-CDR3 in 0.2 ml PBS, 
administred on alternate days. As illustrated in panels 
(A) and (B) mice were injected with OVA on days 52 
(secondary) and 80 (tertiary). OVA specific IgE titers 
were determined on day 66 (A) and day 94 (B) . 
Results: 

The determination of IgE antibody titers by PCA is 
shown in Figure 10. Clearly, on-going OVA-specific IgE 
antibodies were suppressed (>90%) by treatment with a 
mixture of Jot and J/? peptides, as determined from the 
secondary (d52) and tertiary (d94) PCA titers. The Jet 
peptide treatment suppressed only 75%- 80% of the 
established IgE response. Thus, similar to the IgG x 
response, for a more effective suppression of the 
antigen- specific established IgE antibody production 
required treatment with Ja and J/? peptides. 
EXAMPLE 9 

This Example illustrates downregulation of in vivo 
antibody responses of primed spleen cells by helper T 
(Th) cells of TCR-peptide treated group. 
Methods ; 

Group of four Balb/c mice received i.p. on day 0, 10 
fig of aggregated OVA, and then treated subcutaneous ly 
with three courses of either PBS alone, or 1:1 mixture of 
(X-CDR3 and 0-CDR3 on days 15, 21 and 28. On day 35, mice 
were sacrificed and CD4* T cells were separated from each 
group by using polypropylene immunocolumn (collect plus, 
Biotex Laboratories, Inc.). For control purposes, CD4* 
T cells were separated from normal Balb/c mouse spleens. 
OVA primed spleen cells were isolated 15 days after 
immunization of mice with 50 fig OVA emulsified in 
complete Freund's adjuvant (subcutaneously over the hind 
legs) . OVA primed spleen cells were cultured in 
quadruplate, at two different concentrations with Th 
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cells separated from mice treated with either PBS, or 
peptides or naive mouse, at three different 
concentrations , in the presence of 100 ng/ml of DNP-OVA 
in complete medium. Forty- eight hours later, the cells 
5 were washed and cultured in fresh medium for additional 
4 days. The amount of antibody in each well, in the 
latter culture supernatant, was measured by ELISA using 
plate coated with OVA, as described above. 
Results; 

10 The mechanism underlying the tolerance induced by 

these TCR-CDR3 peptides was examined. The possibility 
that the peptide treatment induces production of peptide- 
specific antibodies was addressed; however, in treated 
mice no peptide- specif ic antibodies could be detected. 

15 Although this is contrary to some other studies involving 
EAE, it is to be pointed out that in this study all 
treatment regimens included peptides in PBS and not with 
any adjuvant, i.e., CFA. Moreover, the TCR peptide did 
not bind to OVA directly; thus ruling out the possibility 

20 that the TCR peptides directly block the antigen-MHC-TCR 
interaction leading to reduction of OVA- specif ic antibody 
production. The fact that treatment of mice with TCR 
peptide followed by challenge with OVA-DNP resulted in 
the downregulation of both OVA- and DNP-specific IgGl 

25 antibody titers, suggests that the peptide treatment 
downregulates OVA-specific helper T cell response (data 
not shown) . We also examined whether the peptides elicit 
a T cell response (Table 9) . The results clearly 
demonstrate that the down regulation of specific antibody 

30 production by TCR peptides clearly involve peptide- 
specific CD4* T cells. 

SUMMARY OF THE DISCLOSURE 
In summary of this disclosure, the present invention 
represents a unique approach to immunotherapy. While the 

35 description of - the invention contains specific 
embodiments thereof , it will be understood that it is 



capable of further modification and applications to the 
one skilled in the art of molecular immunology. This 
description is, therefore, intended to cover any 
variations, uses or adaptations of the invention 
following, in general, the principles of the invention 
and including such departures from the present disclosure 
as would not be anticipated on the basis of known 
principles and and existing practice within the area to 
which the invention pertains. 
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TABLE la : 
LIST OF PRIMERS 



PRIMER 




SEQUENCE 


SEQ ID 


NOS: 


VjS8 


5' 


ACATGGAGGCTGCAGTCACCCA 3' 




20 


C/35RT 


5' 


TGATGGCTCAAACAAGGAGACCTT 3' 




21 




5' 


AGGATCTGAGAAATGTGACTG 3' 




22 


C/SE 3 


5' 


TTTCTTGACCATGGCCATCAGC 3' 




23 


Val5 


5' 


GTCCTAGGAACCAGGTTCCA 3' 




24 




5' 


ATCCAGAACCCAGAACCTGCT 3' 




25 


CaE 3 


5' 


CTCAACTGGACCACAGCCTCA 3' 




26 


Ca5RT 


5' 


GAGGGTGCTGTCCTGAGACCG 3' 




27 


Adaptor 


5' 


GACTCGAGTCGACATCGA 3' 




28 


dT17 adaptor 5' 


GACTCGAGTCGACATCGATTTTTTTTTTTTTTTTT 3 ' 


29 
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TABLE lb! 
LIST OF PEPTIDES 



ANTIGEN TCR CHAIN PEPTIDE SEQUENCE SEQ ID NO: 



OVA CDRl-a EDVTMNCSYKTYTTV 14 

CDR2-a YRQKSGKGPAQLILI 15 

CDR3-CX GSNAKLTFGKGTKLS 16 

CDR3-0 GPNTEVFFGKGTRLTV 17 

HIgG CDR3-a YSNNRLTLGKGTQW 18 

Control Peptide MIEKINVGFKAAYAAAGGVP 19 
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TABLE 8 

Long Lasting In Vivo Suppression of OVA-Specific IgE 
Antibody Response by the Pre treatment with TCR Jof/J/S 
Peptides of OVA-Ts cells 

PCA titers 

Treatment* 

d35 d70 dlOO dl45 



PBS 1,280 1,920 7,680 8,000 

Ja-peptide 100 120 640 700 

Jj3-peptide 640 1,000 2,460 3,500 

Ja+J/S peptides 150 400 640 700 



a Each group of six Balb/c mice received on day -5 and 
day -3 either PBS, or 25 fig each of Jcr or of J(3 
peptide, or mixture of 25 fig each of Ja and Jp in PBS. 
On days 1, 28, 63, 93, 13 8 and 195 all mice were 
immunized with 20 fig of OVA in PBS. OVA-specific IgE 
antibodies were determined on pooled sera, one week 
after each immunization i.e. on days 35, 70, 100 and 
145, by 24-h passive cutaneous anaphylaxis (PCA) in 
hooded rats. PCA titer was calculated as the highest 
dilution giving a clearly visible skin reaction (> 5mm 
in diameter) . 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: UNIVERSITY OP MANITOBA 

(B) STREET: 311 Administration Building 

(C) CITY: Winnipeg 

(D) STATE: Manitoba 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : R3P 2N2 

(G) TELEPHONE: (204) 474-8418 

(H) TELEFAX: (204) 261-0325 

(A) NAME: MOHAPATRA, SHYAM S. 

(B) STREET: 364 Lindenwood Drive East 

(C) CITY: Winnipeg 

(D) STATE: Manitoba 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : R3P 2H1 

(A) NAME: SEHON, ALEC H. 

(B) STREET: 695 Academy Road 

(C) CITY: Winnipeg 

(D) STATE: Manitoba 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : R3N 0E8 

(ii) TITLE OF INVENTION: DOWNREGULATION OF ALLERGEN- SPECIFIC IMMUNE 
RESPONSE 



(iii) NUMBER OF SEQUENCES: 29 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1,25 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 883 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
TTTGCTGTCC TAGGAACCAG GTTCCACTTC AGGGTGCAGC ACAGCCTTTC CTGTGACATC 
AATAAAGCAA GAAAAATGAA CAGATTCCTG GGAATATCTT TGGTGACTCT ATGGTTTCAA 
GTGGCCTGGG CAAAGAGCCA ATGGGGAGAA GAGAATCTTC AGGCTCTGAG CATCCAGGAG 
GGTGAAGATG TCACCATGAA CTGCAGTTAC AAGACTTACA CAACTGTTGT TCAGTGGTAC 
AGACAGAAGT CAGGCAAAGG CCCTGCCCAG CTAATCTTAA TACGTTCAAA TGAGCGAGAG 
AAGCGCAGTG GAAGACTCAG AGCCACCCTT GACACTTCCA GCCAGAGAAG CTCCCTGTCC 



60 
120 
180 
240 
300 
360 
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ATCACTGGTA CTCTAGCTAC AGACACTGCT GTGTACTTCT GTGCTACTGG GGGAGGAAGC 420 

AATGCAAAGC TAACCTTCGG GAAAGGCACT AAACTCTCTG TTAAATCAAA CATCCAGAAC 480 

CCAGAACCTG CTGTGTACCA GTTAAAAGAT CCTCGGTCTC AGGACAGCAC CCTCTGCCTG 540 

TTCACCGACT TTGACTCCCA AATCAATGTG CCGAAAACCA TGGAATCTGG AACGTTCATC 600 

ACTGACAAAA CTGTGCTGGA CATGAAAGCT ATGGATTCCA AGAGCAATGG GGCCATTGCC 660 

TGGAGCAACC AGACAAGCTT CACCTGCCAA GATATCTTCA AAGAGACCAA CGCCACCTAC 720 

CCCAGTTCAG ACGTTCCCTG TGATGCCACG TTGACTGAGA AAAGCTTTGA AACAGATATG 780 

AACCTAAACT TTCAAAACCT GTCAGTTATG GGACTCCGAA TCCTCCTGCT GAAAGTAGCC 840 

GGATTTAACC TGCTCATGAC GCTGAGGCTG TGGTCCAGTT GAG 883 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 92 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Lys Ser Gin Trp Gly Glu Glu Asn Leu Gin Ala Leu Ser lie Gin Glu 
15 10 15 

Gly Glu Asp Val Thr Met Asn Cys Ser Tyr Lys Thr Tyr Thr Thr Val 
20 25 30 

Val Gin Trp Tyr Arg Gin Lys Ser Gly Lys Gly Pro Ala Gin Leu lie 
35 40 45 

Leu lie Arg Ser Asn Glu Arg Glu Lys Arg Ser Gly Arg Leu Arg Ala 
50 55 60 

Thr Leu Asp Thr Ser Ser Gin Ser Ser Ser Leu Ser lie Thr Gly Thr 
65 70 75 80 

Leu Ala Thr Asp Thr Ala Val Tyr Phe Cys Ala Thr 
85 90 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 92 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Lys Ser Gin Trp Gly Glu Glu Asn Leu Gin Ala Leu Ser lie Gin Glu 
1 5 10 15 

Gly Glu Asp Val Thr Met Asn Cys Ser Tyr Lys Thr Tyr Thr Thr Val 
20 25 30 



55 



Val Gin Trp Tyr Arg Gin Lys Ser 
35 40 

Leu lie Arg Ser Asn Glu Arg Glu 
50 55 

Thr Leu Asp Thr Ser Ser Gin Ser 
65 70 

Leu Ala Thr Asp Thr Ala Val Tyr 
85 



Gly Lys Gly Pro Ala Gin Leu lie 
45 

Lys Arg Ser Gly Arg Leu Arg Ala 
60 

Ser Ser Leu Ser lie Thr Gly Thr 
75 80 

Phe Cys Ala Thr 
90 



INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 81 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Leu Ser Val His Glu Gly Glu Ser Val Thr Val Asn Cys Ser Tyr Thr 
15 10 15 

Thr Ser lie Thr Ala Leu Gin Trp Tyr Arg Gin Lys Ser Gly Glu Gly 
20 25 30 

Pro Ala Gin Leu lie Leu lie Arg Ser Asn Glu Arg Glu Lys Arg Asn 
35 40 45 

Gly Arg Leu Arg Ala Thr Leu Asp Thr Ser Ser Gin Ser Ser Ser Leu 
50 55 60 

Ser lie Thr Ala Thr Arg Cys Glu Asp Thr Ala Val Tyr Phe Cys Ala 
65 70 75 80 

Thr 



INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 92 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) . TOPOLOGY : linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Asn Ser Gin Gin Gly Glu Glu Asp Pro Gin Ala Leu Ser lie Gin Glu 
1 5 10 15 

Gly Glu Asn Ala Thr Met Asn Cys Ser Tyr Lys Thr Ser lie Asn Asn 
20 25 30 

Leu Gin Trp Tyr Arg Gin Asn Ser Gly Arg Gly Leu Val His Leu lie 
35 40 45 
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Leu lie Arg Ser Asn Glu Arg Glu Lys His Ser Gly Arg Leu Arg Val 
50 55 60 

Thr Leu Asp Thr Ser Lys Lys Ser Ser Ser Leu Leu lie Thr Ala Ser 
65 70 75 80 

Arg Ala Ala Asp Thr Ala Ser Tyr Phe Cys Ala Thr 
85 90 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TTCTGTGCTA CTGGGGGAGG AAGCAATGCA AAGCTAACCT TCGGGAAAGG CACTAAACTC 60 
TCTGTTAAAT CAA * 73 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Phe Cys Ala Thr Gly Gly Gly Ser Asn Ala Lys Leu Thr Phe Gly Lys 
1 5 10 15 

Gly Thr Lys Leu Ser Val Lys Ser 
20 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TTCTGTGCTA CTCCGGACTA CAGCAACAAC AGACTTACTT TGGGGAAGGG AACCCAGGTG 
GTGGTGTTAC CAA 



60 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Phe Cys Ala Thr Pro Asp Tyr Ser Asn Asn Arg Leu Thr Leu Gly Lys 
15 10 15 

Gly Thr Gin Val Val Val Leu Pro 
20 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
TGTGCCAGCG GTGATGCAGG GCCAAACACA GAAGTCTTCT TTGGTAAAGG AACCAGACTC 60 
ACAGTTGTA gg 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Cys Ala Ser Gly Asp Ala Gly Pro Asn Thr Glu Val Phe Phe Gly Lys 
1 5 10 15 

Gly Thr Arg Leu Thr Val Val 

20. 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TGTGCCAGCG GTGATGCAGG GTTTAACCAA GACACCCAGT ACTTTGGGCC AGGCACTCGG 
CTCCTCGTGT TA 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Cys Ala Ser Gly Asp Ala Gly Phe Asn Gin Asp Thr Gin Tyr Phe Gly 
1 5 10 15 

Pro Gly Thr Arg Leu Leu Val Leu 
20 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Glu Asp Val Thr Met Asn Cys Ser Tyr Lys Thr Tyr Thr Thr Val 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Tyr Arg Gin Lys Ser Gly Lys Gly Pro Ala Gin Leu lie Leu lie 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 
XB) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



60 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Gly Ser Asn Ala Lys Leu Thr Phe Gly Lys Gly Thr Lys Leu Ser 
15 10 is 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 16 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Gly Pro Asn Thr Glu Val Phe Phe Gly Lys Gly Thr Arg Leu Thr Val 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Tyr Ser Asn Asn Arg Leu Thr Leu Gly Lys Gly Thr Gin Val Val 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Met lie Glu Lys lie Asn Val Gly Phe Lys Ala Ala Val Ala Ala Ala 
1 5 10 15 

Gly Gly Val Pro 
20 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20 
ACATGGAGGC TGCAGTCACC CA 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21 
TGATGGCTCA AACAAGGAGA CCTT 
(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22 
AGGATCTGAG AAATGTGACT C 
(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 
TTTCTTGACC ATGGCCATCA GC 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24 
GTCCTAGGAA CCAGGTTCCA 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 21 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25 
ATCCAGAACC CAGAACCTGC T 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26 
CTCAACTGGA CCACAGCCTC A 
(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GAGGGTGCTG TCCTGAGACC G 
(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
GACTCGAGTC GACATCGA 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
GACTCGAGTC GACATCGATT TTTTTTTTTT TTTTT 
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CLAIMS 

1. A synthetic peptide having an amino acid sequence 
comprising at least a portion of the complementarity 
determining region 3 (CDR3) of a T-cell receptor (TCR) of 
an antigen and capable of eliciting a T-cell response. 

2. The synthetic peptide of claim 1 wherein said T-cell 
receptor is a human T-cell receptor. 

3. The synthetic peptide of claim 2 wherein said amino 
acid sequence is encoded by a nucleotide sequence 
comprising the J-gene of the a-chain of the TCR. 

4. The synthetic peptide of claim 2 wherein said amino 
acid sequence is encoded by a nucleotide sequence 
comprising the J-gene of the /?-chain of the TCR. 

5. The synthetic peptide of claim 2 comprising a 
mixture of such peptides, one encoded by a nucleotide 
sequence comprising the J-gene of the a-chain of the TCR 
and another encoded by a nucleotide sequence comprising 
the J-gene of the /?- chain of the TCR. 

6. The synthetic peptide of claim 1 which has about 8 
to about 12 amino acids and is capable of binding to a 
class I major histocompatibility complex (MHC) molecule. 

7. The synthetic peptide of claim 1 which has about 12 
to about 27 amino acids and is capable of binding to a 
class II MHC molecule. 

8. The synthetic peptide of claim 1 bound to a non- 
immunogenic substrate. 

9. The synthetic peptide of claim 8 which said non- 
immunogenic substrate is selected from polymeric 
materials . 

10. The synthetic peptide of claim 9 wherein said 
polymeric material is selected from carboxymethyl 
celluloses, monomethoxypolyethylene glycols and polyvinyl 
alcohols . 

11. The synthetic peptide of claim 1 wherein said 
antigen is an allergen. 
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12 - An immunosuppressive composition for immunotherapy, 
comprising at least one synthetic peptide as claimed in 
any one of claims 1 to 11 and a pharmaceutically- 
acceptable carrier therefor. 

13 . The composition of claim 12 further comprising an 
adjuvant. 

14 . A method of identifying a peptide having an amino 
acid sequence comprising at least a portion of the CDR3 
region of a T-cell receptor of an antigen and capable of 
eliciting a T-cell response, which comprises: 

effecting induction of regulatory T-cells to a 
desired antigen, 

determining the nucleotide sequence of T-cell 
receptors of said regulatory T-cells, 

determining the portion of said nucleotide sequence 
of said T-cell receptors which codes for the CDR3 region 
of said T-cell receptors, and 

deducing the amino acid sequence of said determined 
portion of said nucleotide sequence as a determination of 
said amino acid sequence of said peptide. 

15 . The method of claim 14 wherein said regulatory T- 
cells are induced by administration to a host of a 
conjugate of a non- immunogenic substrate and said desired 
antigen. 

16. The method of claim 15 wherein said non- immunogenic 
substrate is a polymeric material selected from 
carboxymethyl celluloses, monomethoxypolyethylene glycols 
and polyvinyl alcohols. 

17 . The method of claim 16 wherein said regulatory T- 
cells comprise CD8* cells. 

18. The method of claim 15 wherein said determination of 
said sequence for the CDR3 region comprises determining 
the individual nucleotide sequences for the a- and /?- 
chains of the T-cell receptor and effecting sequence 
analysis of said individual nucleotide sequences to 
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determine the sequences of the J-gene of both a- and /?- 
chains . 

19. The method of claim 14 wherein said desired antigen 
is an allergen. 

20. A method of immunotherapy, which comprises 
administering to a host a peptide or composition as 
claimed in any one of claims 1 to 13 . 

21. The method of claim 20 wherein said host has been 
previously exposed to said antigen. 

22. The method of claim 20 for prophylatic immunization 
of said host. 

23. The method of claim 20 wherein said administration 
is effected to suppress an allergic response in said host 
to said antigen or to protect said host from an allergic 
response to said antigen. 

24. The method of claim 20 wherein said administration 
is effected to suppress an autoimmune response in said 
host to said antigen or to protect said host from an 
autoimmune response to said antigen. 

25. The method of claim 20 which is effected in 
conjunction with at least one administration of 
therapeutic molecules prone to producing unwanted 
immunological responses. 

26. The method of any one of claims 20 to 25, in which 
said host is a human. 

27. A method of diagnosing an allergic response of a 
host to an allergen, which comprises: 

screening a serum from said host with a plurality of 
peptides as claimed in any one of claims 1 to 11 
corresponding to a plurality of allergenic antigens, and 

detecting reactivity of at least one of said 
peptides to said serum. 

28. The method of claim 27 wherein said at least one 
peptide exhibiting reactivity is subsequently 
administered to the host. 
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